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Short Introduction:

TM & @ Melvana

[1 BABAR detector located at PEP-II linear eTe™

5 BaBar
collider at SLAC National Laboratory L; i i
. : 3 e
[1 Operated since Oct 1999 until Apr 2008 Baco[ O Fokumnorty J

[1 Collected large datasets:
o 467 x 10° Y(45) (433 fb™ 1) _
e 122 x 10° T(35) (30 fb™ 1)
e 99 x 10° Y(28) (14 fo™ 1) '
e off-peak sample (54 fb™")

e small sample taken above Y(45) (~4 fb™")
[1 Plenty of data for heavy flavor spectroscopy!
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Additional advantages:

— Relatively low track multiplicity
— Great particle ID
— Precise energy resolution

— Possibility to use recoil technique

BABAR is an excellent place for spectroscopy analyses!!!
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TM & @ Melvana

Predicted charmonium and bottomonium spectra:

Green - predicted masses [PRD72,054026(2005)]
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Heavy Flavor Spectroscopy

Green - predicted masses [PRD32,189(1985)]

Y (6S)
11__ Y (5S)
« — B,B; threshold
(&) = Y (4S)
S L BB threshold —
80_5— N,,(2D) Y (2D) Y,(2D) Y,(2D)
- n,(35) Y9
7} - - hy(2P) x,,(@P) Xu(2P) Xeo(P)
% = N2(1D) Yy (@p) Y,@1p) Ys(1D)
= B Y (25)
n,(29)
10__ hy(1P) (1) Xou(1P) Xp2(1P)
9.5— n,(1S) 0
-+ -- +- ++ o+ ++ At -- -- --
9-JPC0110122123
B 2S5+1 1 3 1 3 3 3 1 3 3 3
T LJ SO S1 Pl P0 Pl P2 D2 Dl D2 D3




TM & @ Melvana

Predicted and well-known experimental states:

Green - predicted masses [PRD72,054026(2005)]
Black - already known states
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Heavy Flavor Spectroscopy

Green - predicted masses [PRD32,189(1985)]
Black - already known states
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TM & @ Melvana

Predicted and well-known + recently discovered expected states:
e Charmonium: 1.(25), he(1P), xe2(2P) = Z(3930)
e Bottomonium: n,(1S), hy(1P), hy(2P), Y(1D)

Heavy Flavor Spectroscopy

Green - predicted masses [PRD72,054026(2005)]
Black - already known states

Blue - recently discovered, compliantwithq @
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Mass, GgV/c 2

Green - predicted masses [PRD32,189(1985)]
Black - already known states
Blue - recently discovered
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TM & @ Melvana

Predicted and well-known + recent 4+ unexpected surprises:
e Expected: 7.(295), h.(1P) etc
e Not expected: X (3872), Y (4260), Y (4140), X (3940), Y (3940) etc

Green - predicted masses [PRD72,054026(2005)]
Black - already known states

Blue - recently discovered, compliantwithq @
Red - recently discovered, noncompliantwithq @
Magenta - unknown quantum numbers
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Heavy Flavor Spectroscopy

Green - predicted masses [PRD32,189(1985)]
Black - already known states
Blue - recently discovered
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TM & @ Melvana

BABAR analyses covered in this talk involve the following states:
e Measurements of 1.(15,25), Xco.c2(1P), xps(1P,2P) decays
e First observation of hy(1P) and searches for 7,(15,25)

Green - predicted masses [PRD72,054026(2005)]
Black - already known states

Blue - recently discovered, compliantwithq @
Red - recently discovered, noncompliantwithq @
Magenta - unknown quantum numbers
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Heavy Flavor Spectroscopy

Green - predicted masses [PRD32,189(1985)]
Black - already known states
Blue - recently discovered
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[1 Charmonium:

e Study of 7.(2S5) and other charmonium states produced in v~

collisions and decaying into KgK*nF and KT K ~ntn 7Y

[] Bottomonium:
e Study of radiative transitions from Y (25) and T(3S5) using

converted photons

— Measurement of B(xp1,2(1P,2P) — ~vY(15)) and
B(xp1,2(2P) — 7T (25))

— Search for 7,(1.5,2.5) states

e Search for hy(1P) bottomonium state in transitions
Y(35) — 7°hy and Y(35) — nrn~hy
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n:(1S) and 1.(25)

TM & @ Melvana

Motivation:
e 1).(15) has already been observed in decays with 4-track final states

e Until recently 7.(25) has only been observed in exclusive decay to K K«
e Precise measurement of m(n.(2S5)) will help discriminate between different

charmonium models

Analysis Strategy:

e Use virtually all BABAR data: e
— 520 fb™" collected at Y(4.5), Y(35), Y(2S5) and off-peak

e Production: two-photon collisions eTe™ — yvete™ Y /T[
— Only particles with even J*T or odd J™F with J > 1 —~———— ()

are allowed Y \1

e Final states yyeTe™ = K™K n n nleTe~
and KgK*nTFete

e Outgoing e™ and e~ are not detected
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0 Top: KgK*rnT,
bottom: KTK w77V

[1 Insets: background-subtracted
distributions

0 LT et [1 As expected, we see peaks for:
" 2.6 2.8 3 3.2 3.4 3.6 3.8

mm"su*ﬂ{aew:’? ° 77c(15>v XC2(1P), nC(QS) In
KsK*rT signature
® 1c(15), Xeo(1P), Xc2(1P), 1e(25)
in KT K—ntn~ 7" signature
¢ xo(1P) —-» KgK*rT
[1 Possible peak for Z(3930) = x2(2P)

N I S ._ tiiii Is not observed in either signature
m(K K *x=0) (GeVic?)

-k

Events / ( 0.004 GeV/c®)
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n:(1S) and 1.(25)

Final results:
m(n.(25)) = 3638.5 & 1.5 & 0.8 MeV/c?
['(n.(25)) =13.4+ 4.6 + 3.2 MeV

Process I'vy x B (keV)
n.(18) - KK 0.386 4 0.008 + 0.021
n.(28) - KK 0.041 = 0.005 4 0.006
Z(3930) — KK <21x1073
n.(18) - KTK 77— 7  0.190 & 0.008 & 0.027

(
A(29) = KYK—7—7—7°  0.030 & 0.003 = 0.005
Z(3930) — KtK—n~nn0 < 3.4 %1073

=
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y (cm)

® Radiative transitions from Y(2S,3S)

with converted photons

e Using converted photons v — eTe™ greatly

S b R B Improves energy resolution

20F f’ . 1140 e Select eTe™ tracks with invariant mass close to zero
mf_— g : —2‘12” e The signal appears as peaks in inclusive photon
o —:_;EU spectrum

10k /140 — Reminder:

-ED; “# im E(V)C’M — ((\/5)2 - m?%'nal state) /(2\/5)

o e The analysis involves:

X (cm) — Measurement of B(x,s(2P) — vY(25)),
BABAR detector as seen B(xps;(1P,2P) — Y (15))
by converted photons — Observation of T(35) — vxw0,2(1P)

— Search for n,(15) and 7,(25)
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P Radiative transitions from Y (2S5, 35)
= with converted photons

Raw inclusive converted photon energy

t ; _
. ,sple? Irurlnl _ Left plots: shaded areas (of interest):

Rl /\ @ 1) T(3S5) data: 180 < Ecar(y) < 300 MeV
' : 2) T(38) data: 300 < Eca(y) < 600 MeV
3) T(3S) data: 600 < Ecp(y) < 1100 MeV
4) YT (2S5) data: 300 < Ecm(y) < 800 MeV
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TM & @ Melvana

Radiative transitions from Y (2S5, 3S5)

with converted photons
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e First region of interest: xps(2P) — 4T (25)
e Left plots: before (top) and after (bottom)
background subtraction

e Clearly seen peaks for x3s(2P) and even a hint
for T(1D)

Transition E Yield ‘ Derived Branching Fraction (5)
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Radiative transitions from Y (2S5, 3S5)
with converted photons

Events / (3 MeV)
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e Second region of interest:
T(35) — ym(25)
e Left plots: before (top) and after (bottom) background

T(3S) — vyxps(1P) and

subtraction

e Clearly seen peaks for x37(1P)

e Observation and most precise measurement of
T(3S) = vXp0,2(1P)
Transition E> ¥ ield ¢  Derived Branching Fraction (=107 :;}
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Radiative transitions from Y (2S5, 3S5)

with converted photons
e Third region of interest: xp;(2P) — 7Y (15)

~ 2500
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5 background subtraction

Looof e Clearly seen peaks for x37(2P) and no evidence
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Radiative transitions from Y (2S5, 3S5)

with converted photons
e Fourth region of interest: x3s(1P) — 7Y (15)

and Y(25) — vnp(1S)
o Left plots: before (top) and after (bottom)

background subtraction

e Clearly seen peaks for x37(1P) and even a hint
ool _ for n,(1S) (inset)
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® Radiative transitions from Y(2S,3S)
| with converted photons

Comparison of branching fractions
(as measured by BABAR in this analysis)

to theory predictions:

Decay BABAR(%) Theory (%)
B(xpo(2P) — 7Y(2S)) (< 2.9) 1.27
B(x1(2P) — 4Y(25)) 19.1+2.3 20.2
B(xp2(2P) = 7Y(25)) 82414 10.1
B(xpo(2P) — vY(1S)) (< 1.2) 0.96
B(xs1(2P) = AYT(18))  99+1.1 11.8
B(xp2(2P) = 4Y(18)) 7157 5.3
B(xpo(1P) — vY(1S)) (< 4.6) 3.2
B(xp1(1P) — 4Y(15)) 36.2+2.8 46.1
B(xp2(1P) — ~4Y(1S))  20.27138 22.2

Most of the numbers are compatible with each other
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First observation of hy(1P) (brilliantly confirmed by Belle)
Analysis strategy:
e Use BABAR's Y(3S) sample (122 x 10° events)
e Look for sequential decay Y(3S) — 7hy(1P), hy(1P) — vnp(1S)
— B(Y(35) — 7°hy(1P)) ~ 0.1% (isospin-violating)
— El-transition: B(hy(1P) — vn,(1S)) =~ 40-50%

e Split sample into 3 MeV/c?-wide bins in m,.ccoi(7°)

— Reminder: mccon(m”) = \/(\[ ~ E(m)om)” = (0(r)om)
e Fit m(n") distribution in each bin to obtain 7¥ yield
e Plot 7V yield versus m.ccoi ()
e Small signal is expected at around 9.9 GeV/c? on top of very large background
e Facilitate the search by requiring a photon with an energy corresponding to
hy(1P) — ynp(1S) decay
e Similar approach by CLEO and BES: 9(2S) — 7%h.(1P), he(1P) — vn.(25)
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2

Residuals

Mommihized

Search for Y(3S) — w°h(1P)
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[] Left plots:

® MMyrecoil (7T

) distribution

e Inset: expanded signal

region

e Bottom band: fit residuals

[1 Bottom plot:
subtracted mccoi (T

background-
) dist.
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Search for Y(3S) — w°h(1P)

F}hica‘sggmyield as a function of fixed hy(1P) mass:

r T r«r&rJrJrrrefreo> et

-k

el ey woae ol by g i
98 985 LAY 995 10

m(h, ) (GeVic’)

m(hy(1P)) = 9902 + 4(stat.) & 1(syst.) MeV/c?
B(Y(35) = 7°hy(1P)) x B(hy(1P) = vmp(19)) = (3.7 £ 1.1(stat.) + 0.7(syst.)) x 10~*

B(Y(35) = 7hy(1P)) x B(hy(1P) — vm(18)) < 5.8 x 10~ * at C.L. 90%
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TM & @ Melvana

Analysis strategy and by-products:
0 Use Y(3S5) sample (122 x 10° events)
0 Look for the decay Y(3S) — wrm hy(1P) as a peak in Myecoi(m 7))
[1 As a by-product measure BF:
e B(Y(3S) = wfn~Y(2S)) = (3.00 £ 0.02(stat.) £ 0.14(syst.))%
— More precise than world-average (2.45 4 0.23)%

o B(Y(3S9) = Xxp(2P)) X B(xp1(2P) = 7 7 xp1(1P)) =
= (1.16 4+ 0.07(stat.) 4 0.12(syst.)) x 107

o B(Y(3S) = Xx12(2P)) x B(x52(2P) — 7'~ x2(1P)) =
= (0.64 &+ 0.04(stat.) 4 0.08(syst.)) x 10?

e B(Y(3S) = XY(29)) x B(Y(2S8) — n n~Y(189)) =
— (1.78 £ 0.02(stat.) £+ 0.11(syst.))%

e m(Y(3S5)) — m(Y(2S)) = 331.50 + 0.02(stat.) + 0.13(syst.)MeV/c?
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Search for Y (3S) — nTnw hy(1P)

[1 Left plots:
e Full (top) and  background-

: subtracted (bottom) mccoi(77)
; e Inset: expanded signal region
400
; [] Bottom plot:
: e Fitted yield as a function of fixed
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Conclusion

e BABAR data provide a wonderful opportunity for many spectroscopic
(and other, such as searches for light Higgs and Dark Matter)

analyses

e Analyses involve both charmonium and bottomonium states
e Analyses involve both improvements of existing measurements
and searching for new particles

e Many new exciting results are coming!!]

Stay tuned and thank you
for your attention!
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TM & @ Melvana

Backup
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BABAR detector

1) Silicon Vertex Tracker (SVT)
2) Drift Chamber (DCH)

3) Cherenkov Detector (DIRC)

4) Electromagnetic Calorimeter
(EMC)

5) Magnet Coil

6) Instrumented Flux Return (IFR)

9-GeV electrons enter from the left side, 3-GeV positrons — from the right side
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